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(57) ABSTRACT 

A cellular mobile station including a modem processor and 
memory. The memory includes instructions for the modem 
processor to perform layer 1 processor operations, layer 2 
processor operations, and layer 3 processor operations. The 
modem processor executes the instructions to perform pro­
cessor operations for the cellular mobile station to commu­
nication data as per a cellular communications protocol. In 
one example, the mobile station includes different levels of 
memory to provide different deterministic access times 
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CELLULAR MODEM PROCESSING 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates in general to a cellular 
mobile station and in particular to cellular modem process­
ing in a cellular mobile station. 

[0003] 2. Description of the Related Art 

[0004] Cellular mobile stations such as e.g. cellular 
phones and wireless PDA's typically include modem cir­
cuitry for performing modem operations for cellular com­
munications. These operations typically are classified by 
communications protocol layers. Examples of communica­
tion protocol layers include a physical layer, a data layer, and 
layers above the data layer such as (with the Open Systems 
Interconnect (OSI) model) a network layer, a transportation 
layer, a session layer, a presentation layer, and an application 
layer. 

[0005] Cellular mobile stations typically perform the 
modem operations of these different layers with multiple 
processors. For example, one processor may perform 
modem operations of the physical layer and/or data layer 
and another processor may perform modem operations of 
higher layers. In one example, a cellular mobile station uses 
a digital signal processor for the physical layer operations 
and a microcontroller unit processor for the higher layer 
operations. 

[0006] What is desired is an improved cellular mobile 
station. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The present invention may be better understood, 
and its numerous objects, features, and advantages made 
apparent to those skilled in the art by referencing the 
accompanying drawings. 

[0008] FIG. 1 is a block diagram of one embodiment of a 
cellular mobile station according to the present invention. 

[0009] FIG. 2 is a view of a communication protocol 
stack. 

[0010] FIG. 3 shows one embodiment of a cellular 
modem instruction partitioning according to the present 
invention. 

[0011] The use of the same reference symbols in different 
drawings indicates identical items unless otherwise noted. 

DETAILED DESCRIPTION 

[0012] The following sets forth a detailed description of a 
mode for carrying out the invention. The description is 
intended to be illustrative of the invention and should not be 
taken to be limiting. 

[0013] FIG. 1 is a block diagram of a cellular mobile 
station according to the present invention. Mobile station 
101 may be e.g. any one of a cellular phone, wireless PDA, 
or wireless modem. Mobile station 101 includes an antenna 
105 for transmitting and receiving wireless signals as per a 
cellular communications protocol. Antenna 105 is coupled 
to RF interface 107 which is coupled to analog to digital 
(AID) and digital to analog (DIA) circuitry 109. In the 
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embodiment of FIG. 1, mobile station 101 includes an 
integrated circuit 103 having both a microcontroller unit 
(MCU) processor 145 and a digital signal processor (DSP) 
127. In the embodiment shown, MCU processor 145 is 
utilized to perform applications of the mobile station 101 
such as e.g. games, video, and word processing applications. 

[0014] DSP 127 is utilized in mobile station 101 as a 
cellular modem processor. DSP 127 is utilized to perform 
modem operations that enable station 101 to communicate 
encoded data (e.g. voice and/or information) over a cellular 
phone network as per a cellular communications protocol. 
As will be explained later, DSP 127 can perform processor 
modem operations of layer 1 (physical layer), layer 2 (data 
layer), and layer 3 of a cellular communication protocol (See 
FIG. 2). 

[0015] Cellular mobile station 101 includes a control 
interface 113, an RF 1/Q data interface 115, and a layer 1 
(Ll) timer 117 coupled to DSP bus 125, circuitry 109, and 
RF interface 107. In the embodiment shown, integrated 
circuit 103 also includes hardware accelerators 123, audio 
serial interface 121, and a subscriber identification module 
(SIM) card interface 127 coupled to DSP bus 125. Mobile 
station 101 includes audio circuitry 104, speaker 108, and 
microphone 106 for providing audio input and output to 
mobile station 101. In other embodiments, at least some of 
audio circuitry 104 may be implemented in integrated circuit 
103. 

[0016] In the embodiment of FIG. 1, DSP 127 is operably 
coupled to DSP bus 125 via level 1 cache 131 and bridge 
133. Integrated circuit 103 also includes a level 1 memory 
129, a level 2 memory 135, a level 2 cache 137, and an 
external memory interface 139. Level 1 memory 129 and 
level 2 memory 135 may include non volatile and/or volatile 
memory. 

[0017] In one embodiment, data is encoded by DSP 127 as 
per a cellular communications protocol and provided via 
bridge 133, DSP bus 125, RF 1/Q data interface 115, and 
circuitry 109 to RF interface 107 to be transmitted over 
antenna 105. Encoded data is received by DSP 127 from 
antenna 105 via RF interface 107, circuitry 109, RF 1/Q data 
interface 115, bus 125, and bridge 133. Layer 1 timer 117 
and control interface 113 provide the requisite timing and 
control information for the data to be communicated accord­
ing to the cellular communications protocol. 

[0018] In the embodiment of FIG. 1, integrated circuit 103 
includes MCU processor 145. MCU processor 145 is 
coupled to memory 151, peripherals 149, and external 
memory interface 139. MCU processor 145 and DSP 127 are 
each coupled to messaging unit 147 for exchanging mes­
sages there between. MCU processor 145 and DSP 127 also 
can exchange data in shared level 3 memory 141. In some 
embodiments, memory 141 may be located in integrated 
circuit 103. 

[0019] In some embodiments, integrated circuit 103 
includes security features for DSP 127. For example, in one 
embodiment, integrated circuit 103 includes a hardware 
accelerator ( e.g. 123) which generates a digital signature for 
a section of DSP 127 instructions for authentication. In 
another embodiments, integrated circuit 103 includes a 
hardware accelerator (e.g. 123) that encrypts and decrypts 
key variables and stores them in a volatile memory of the 
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hardware accelerator. These security features protect the 
operation of DSP 127 from malicious instructions which 
could interfere with normal modem operation. 

[0020] Information to be transmitted as per cellular com­
munications protocol may be provided to DSP 127 from 
MCU processor 145 for transmission. Furthermore, infor­
mation received as per a cellular communication protocol 
may be provided from DSP 127 to MCU processor 145. In 
one embodiment, the information to be transmitted and the 
information received may be exchanged between DSP 127 
and MCU processor 145 by one of the processors writing the 
information to a portion of shared memory 141 and the other 
processor accessing the information from the shared 
memory. A pointer may be exchanged between processors 
that points to the shared memory location of the data. In one 
embodiment, station 101 implements an interprocessor com­
munication protocol for managing the communications 
between processor 145 and DSP 127. The use and manage­
ment of a shared memory is abstracted by the interprocessor 
communication protocol. Examples of interprocessor com­
munication protocols may be found in U.S. patent applica­
tion Ser. No. 10/610,746, entitled "An Interprocessor Com­
munication Protocol," filed Jul. 1, 2003 and U.S. patent 
application Ser. No. 10/643,327, entitled "Method and 
Apparatus for Providing Interprocessor Communications 
Using Shared Memory," filed Aug. 19, 2003, both of which 
are hereby incorporated by reference in their entirety. 

[0021] In some embodiments, other types of processors 
may be utilized in place of DSP 127. Also in other embodi­
ments, mobile station 101 may have other configurations. 
For example, other embodiments may not include SIM card 
121 or hardware accelerators 123. Still in other embodi­
ments, MCU processor 145 and DSP 127 may be imple­
mented on separate integrated circuits. Still further in other 
embodiments, a mobile station may only include a DSP and 
no MCU processor. 

[0022] FIG. 2 shows a stack 205 of cellular communica­
tion protocol layers and how they correspond to OSI refer­
ence model stack 201. Operations of a cellular communi­
cation protocol layer are operations for performing the 
functions designated to the layer. Layer 1 of stack 205 
corresponds to the physical layer of the OSI model. Layer 1 
operations may include (depending upon the particular cel­
lular communications protocol) modulation operations, 
demodulation operations, interleaving operations, deinter­
leaving operations, channel encoding operations, channel 
decoding operations, channel equalization operations, syn­
chronization operations, automatic gain control operations, 
and automatic frequency control operations. 

[0023] Modulation operations include operations to place 
encoded channel data into a carrier signal for transmission. 
These operations may change either the amplitude, fre­
quency, or phase of a carrier signal wave in a way that 
represents the original signals. Some examples of digital 
modulation techniques that may be implemented by station 
101 include: ASK (Amplitude Shift Keying), FSK (Fre­
quency Shift Keying), Gaussian-filtered Minimum Shift 
Keying (GMSK), QPSK (Quadrature Phase Shift Keying) 
and QAM (Quadrature Amplitude Modulation). 

[0024] Demodulation operations include operations to 
recover the encoded channel data from a carrier which has 
been used to transmit the signal over a transmission medium. 
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Demodulation operations may include operations for the 
coherent detection of the received signal to accurately 
estimate the channel phase and attenuation to allow for 
separation of the transmitted signal from the carrier. 

[0025] Interleaving operations include operations utilized 
to scramble the order of data symbols to be transmitted over 
a channel in such a way that, when they are descrambled (at 
the receiver), any burst of channel errors will be spread out 
in time and thus appear as random errors to the decoder. 

[0026] Deinterleaving operations include operations uti­
lized to unscramble the symbols that were scrambled by the 
interleaving operations. Deinterleaving is performed on the 
received symbols, prior to channel decoding. 

[0027] Channel encoding operations include operations 
for adding redundant data into a transmitted bit stream 
before transmission, in order to protect the bit stream from 
errors that may occur. An example of one encoding tech­
nique that may be implemented by station 101 is convolu­
tional encoding. 

[0028] Channel decoding operations include operations 
for inverting the channel encoding process and for attempt­
ing to identify and correct any transmission errors. In one 
embodiment, a Viterbi algorithm may be used to decode 
convolutional codes. 

[0029] Equalization operations include operations used to 
extract the desired signal from the unwanted reflections. 
Equalization operations maybe used to find out how a 
known transmitted signal is modified by multi-path fading, 
and constructing an inverse filter to extract the rest of the 
desired signal. 

[0030] Synchronization operations include operations 
used to bring two signals or the wideband components of 
two signals into time alignment. For example, a Delay 
Locked Loop (DLL) may be used to bring two signals into 
closer alignment and keep them aligned. 

[0031] Automatic gain control (AGC) operations include 
operations used to automatically adjust the gain in a speci­
fied manner as a function of a specified parameter, such as 
received signal level. 

[0032] Automatic frequency control (AFC) operations 
include operations utilized to maintain the frequency of a 
receiver's reference oscillator within the specified limits 
with respect to a reference frequency such as the base station 
transmitter. 

[0033] Layer 2 corresponds to the data layer of OSI model 
stack 201. Examples of layer 2 operations may include 
(depending upon the particular cellular communications 
protocol) medium access control (e.g. multiple access con­
trol) operations and logical link control ( e.g. link access 
control) operations. 

[0034] Medium Access Control operations include opera­
tions related to the management of the shared transmission 
resources, such as multiplexing of the packet data physical 
channels and the radio link connections associated with the 
packet data physical channels. 

[0035] Logical Link Control operations include operations 
associated with the sequence and validity of data packets. 
Logical Link Control operations are utilized, for example, 
for maintaining sequence order of frames across one or more 
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connections; for the detection of transmission, format, and 
operational errors on a logical link connection; for recovery 
from detected transmission, format, and operational errors; 
and for notification to upper layers of the stack of unrecov­
erable errors. 

[0036] Layer 3 of stack 205 corresponds to any or all 
( depending upon the particular cellular communications 
protocol) of the network layer, the transportation layer, the 
session layer, the presentation layer and the application layer 
of OSI model stack 201. Examples of layer 3 operations may 
include (depending upon the particular cellular communi­
cations protocol) call control (CC) management operations, 
mobility management (MM) operations, subnet convergence 
protocol (SNDCP) operations, and radio resource (RR) 
management operations. 

[0037] Call Control (CC) management operations include 
operations to manage call routing, call establishment, call 
maintenance, and call release functions. These operations 
may be analogous to ISDN call control operations. 

[0038] Mobility Management (MM) operations include 
operations to support the mobility of user terminals, such as 
informing the network of the mobile station present location 
and providing user identity authentication and confidential­
ity. 

[0039] Sub Network Dependent Convergence Protocol 
(SNDCP) operations include operations used in a number of 
different technologies. These operations may be used to 
provide services to the higher layers which may include 
connectionless and connection-oriented modes, compres­
sion, multiplexing, and segmentation. 

[0040] Radio Resource (RR) management operations 
include operations to establish, maintain, and release radio 
resource connections that allow a point-to-point dialogue 
between the network and a mobile station. Examples of 
radio resource management operations include call process­
ing operations, radio channel control operations, mobile 
station control operations, call setup operations, call handoff 
operations, power control operations, and mobile station 
lockout operations. 

[0041] In one embodiment, mobile station 101 is config­
ured to communicate over a cellular communications net­
work as per the Global System for Mobile communications 
(GSM). In other embodiments, mobile station 101 may be 
configured to communicate as per other cellular communi­
cations protocols such as the code division multiple access 
(CDMA) protocol, the Universal Mobile Telephone Service 
(UMTS) wide band CDMA (W-CDMA) protocol, the 
CDMA2000 protocol, the Time Division-Synchronous Code 
Division Multiple Access technology (TD-SCDMA) proto­
col, the Time Division Multiple Access (TDMA) protocol, 
the Integrated Digital Enhanced Network (iDEN) protocol, 
the Terrestrial Trunked Radio (TETRA) protocol, the Gen­
eral Packet Radio Services (GPRS) protocol, the Enhanced 
Data Rate for GSM Evolution (EDGE) protocol, the iDEN 
protocol, and the WiDEN protocol. Operations of each layer 
of stack 205 may vary with each of the different protocols. 

[0042] FIG. 3 shows one embodiment of a partitioning of 
program instructions for execution by DSP 127 for perform­
ing processor operations. In one embodiment, the instruc­
tions whose partitioning is represented by block 301 are 
stored in a non volatile memory located on integrated circuit 
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103 (e.g. level 1 memory 129 and/or level 2 memory 135) 
and/or in off chip (level 3) memory 141. In some embodi­
ments, at least some of the instructions are stored in a 
compressed format in a non volatile memory, wherein the 
instructions are decompressed and stored in volatile memory 
for execution by DSP 127. In one embodiment, some 
instructions are stored in memory 129 and others are stored 
in memory 135. 

[0043] In yet another embodiment, at least some of the 
DSP 127 instructions are stored in memory 151 (in com­
pressed or uncompressed format). MCU processor 145 
transfers the instructions from memory 151 to DSP 127 
through either the messaging unit 147 or level 3 memory 141 
during system initialization. Upon receipt, DSP 127 vali­
dates the authenticity of the memory contents and places the 
instructions in a memory (level 1 memory 129, level 2 
memory 135, and/or level 3 memory 141). 

[0044] In some embodiments, the instructions represented 
by block 301 are executed from a non volatile memory. In 
other embodiments, the instructions are executed from vola­
tile memory. The instructions represented by block 301 are 
implemented using the instruction set for DSP 127. 

[0045] Block 301 represents instructions for performing 
modem processor operations. Modem processor operations 
are operations performed by a processor of a mobile station 
to facilitate communication as per a cellular communica­
tions protocol. Layer 3 instructions 305 are instructions for 
performing layer 3 processor operations. Layer 3 processor 
operations are processor operations performed by a proces­
sor of a mobile station to facilitate layer 3 operations of a 
cellular communications protocol. Examples of Layer 3 
processor operations may include (depending upon the par­
ticular cellular communications protocol) call control ( CC) 
management processor operations, mobility management 
(MM) processor operations, subnet convergence protocol 
(SNDCP) processor operations, and radio resource (RR) 
management processor operations. 

[0046] Layer 2 instructions 307 are instructions for per­
forming layer 2 processor operations. Layer 2 processor 
operations are processor operations performed by a proces­
sor of a mobile station to facilitate layer 2 operations of a 
cellular communications protocol. Examples of layer 2 
processor operations may include (depending upon the par­
ticular cellular communications protocol) medium access 
control processor operations and logical link control pro­
cessor operations. 

[0047] Layer 1 instructions 309 are instructions for per­
forming layer 1 processor operations. Layer 1 processor 
operations are operations performed by a processor of the 
mobile station to facilitate layer 1 operations of a cellular 
communications protocol. Examples of layer 1 processor 
operations may include modulation processor operations, 
demodulation processor operations, interleaving processor 
operations, deinterleaving processor operations, channel 
encoding processor operations, channel decoding processor 
operations, channel equalization processor operations, syn­
chronization processor operations, automatic gain control 
processor operations, and automatic frequency control pro­
cessor operations. 

[0048] Block 301 also includes instructions 311 for per­
forming audio processing processor operations and instruc-
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tions 315 for performing scheduler processor operations. 
Some of these operations may be unrelated to operations of 
a cellular communications protocol. 

[0049] In one embodiment, instructions for DSP 127 to 
perform all of the layer 3, layer 2, and layer 1 processor 
operations for mobile station 101 are stored in a memory 
(129, 135, and/or 141) of mobile station 101. For example, 
instructions for DSP 127 to perform all of the processor 
operations for the modem operations described above with 
respect to a particular cellular communications protocol ( e.g. 
GSM) are stored in a memory of mobile station 101. In 
another embodiment, instructions for DSP 127 to perform all 
layer 2 processor operations and layer 1 processor opera­
tions and some of the layer 3 processor operations of a 
particular cellular communications protocol are stored a 
memory of mobile station 101. Accordingly, DSP 127 
executes those instructions to perform the processor opera­
tions for mobile station 101 to communicate as per the 
particular cellular communications protocol. 

[0050] Performing all or substantially all modem proces­
sor operations by a single processor may reduce system cost 
in that only a single processor may perform modem proces­
sor operations and may reduce system complexity in that 
only one processor instruction set may be utilized for 
modem functionality. Further, using one processor to per­
form all or substantially all of the modem processor opera­
tions may reduce or eliminate the amount of messaging 
between processors of a mobile station due to modem 
operations. Furthermore, such a configuration may save 
power in that only one processor needs to be operable during 
modem operation. For example, if only a cellular phone 
function of mobile station 101 is being utilized, MCU 
processor 145 may be placed in a low power mode in that the 
modem processor operations needed for the cellular phone 
function are performed by DSP 127. 

[0051] Furthermore, a mobile station where all or substan­
tially all of the modem processor operations are performed 
by DSP 127 may allow for increased security in that 
"untrusted" applications running on MCU processor 145 
would not have access to modem processor operations 
performed by DSP 127. With such an embodiment, a cellular 
network may be protected while allowing untrusted appli­
cations to be run on MCU processor 145. In some embodi­
ments, untrusted applications may include applications 
which have not been validated to be nonmalicious. 

[0052] In one embodiment, level 3 memory 141 is shared 
between MCU processor 145 and DSP 127. To protect 
cellular modem processor instructions from corruption by 
malicious instructions running on MCU processor 145, level 
3 memory is subdivided into at least two regions. The first 
region is accessible only by DSP 127 and is used for holding 
instructions and data related to modem processor operations. 
This region is inaccessible by the MCU processor 145, and 
is therefore secure from malicious instructions being 
executed by it. The second region is shared between the DSP 
127 and MCU processor 145. Data and commands are 
passed between the processors in this region of the level 3 
memory 141. Since both processors have access to this 
region, instructions and data critical to the cellular modem 
operations are not stored in this region. In other embodi­
ments, other memory regions of mobile station 101 could be 
defined with other access protections or restrictions depend­
ing on security requirements. 
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[0053] Referring back to FIG. 1, mobile station 101 
includes multiple hierarchal levels of memory with each 
level having a different manufacturing cost and access time. 
In one embodiment, level 1 memory 129 may include 
volatile and/or non volatile memory having a relatively fast 
deterministic access time, but at typically a relatively higher 
cost. In one embodiment, level 1 memory contains instruc­
tions and/or data for performing modem processor opera­
tions requiring fast deterministic access according to a 
cellular communications protocol. Level 1 cache 131 is 
utilized to decrease the average access time to instructions 
and data stored in level 2 memory 135 and level 3 memory 
141. 

[0054] In one embodiment, level 2 memory 135 may 
include volatile and/or non volatile memory having a rela­
tively slower deterministic access time ( compared to level 1 
memory), but at typically a relatively lower cost. In one 
embodiment, level 2 memory 135 contains instructions and 
or data for performing modem processor operations having 
determinism and access time requirements that are less 
restrictive than those whose instructions and/or data are 
stored in level 1 memory 129. Level 2 cache 137 is utilized 
to decrease the average access time to level 3 memory 141. 

[0055] In one embodiment, level 3 memory 141 may 
include volatile and/or non volatile memory having rela­
tively the slowest deterministic access time ( compared to 
level 1 and level 2 memory), but at typically the lowest cost. 
In one embodiment, level 3 memory 141 contains instruc­
tions and/or data for performing modem processor opera­
tions having the least restrictive determinism and access 
time requirements. 

[0056] In other embodiments, mobile stations may have 
other memory configurations. In some embodiments, some 
modem operations (e.g. layer 1 operations or layer 2 opera­
tions) may be performed by hardware accelerator 123. In 
addition, some layer 3 processor operations may be per­
formed by MCU processor 145. In other embodiments, the 
memories of a mobile station may contain instructions for 
DSP 127 to perform modem processor operations for more 
than one cellular communications protocol. In other embodi­
ments, other types of processors ( e.g. MCU processors) may 
be utilized to perform the modem processor operations. 
Furthermore, mobile stations of other embodiments may 
have other configurations. 

[0057] In another embodiments, DSP 127 can perform 
multimedia acceleration functions such as decompressing or 
compressing music or video information. DSP 127 can 
access multimedia information in shared memory 141 writ­
ten by MCU processor 145. In other embodiments, the DSP 
127 can process information written to memory 141 by a 
direct memory access (DMA) (not shown) coupled to MCU 
bus 150. The processing of multimedia information may 
include compressing information received from a camera 
(not shown) or microphone (e.g.106 which in some embodi­
ments is also coupled to MCU bus 150). The compressed 
information can be stored by DSP 127 into shared memory 
141 and accessed by MCU processor 145. 

[0058] In one embodiment, a cellular mobile station 
includes communication interface circuitry and a cellular 
modem processor operably coupled to the communication 
interface circuitry. The cellular modem processor executes 
instructions from an instruction set. The cellular mobile 
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station further includes at least one memory coupled to the 
cellular modem processor. The at least one memory stores 
instructions. The instructions include instructions that when 
executed by the cellular modem processor perform a layer 1 
processor operation of a cellular communication protocol by 
the cellular modem processor, instructions that when 
executed by the cellular modem processor perform a layer 2 
processor operation of the cellular communication protocol 
by the cellular modem processor, and instructions that when 
executed by the cellular modem processor perform a layer 3 
processor operation of the cellular communication protocol 
by the cellular modem processor. 

[0059] In another embodiment, a method of performing 
cellular modem operations includes performing a layer 1 
processor operation in accordance with a cellular commu­
nication protocol by a cellular modem processor, performing 
a layer 2 processor operation in accordance with the cellular 
communication protocol by the cellular modem processor, 
and performing a layer 3 processor operation in accordance 
with the cellular communication protocol by the cellular 
modem processor. 

[0060] In another embodiment, a method of operating a 
cellular mobile station includes communicating data as per 
a cellular communications protocol, storing instructions in at 
least one memory, and performing a layer 1 processor 
operation in accordance with the cellular communications 
protocol by a cellular modem processor. The method also 
includes performing a layer 2 processor operation in accor­
dance with the cellular communications protocol by the 
cellular modem processor and performing a layer 3 proces­
sor operation in accordance with the cellular communica­
tions protocol by the cellular modem processor. 

[0061] While particular embodiments of the present 
invention have been shown and described, it will be recog­
nized to those skilled in the art that, based upon the teachings 
herein, that further changes and modifications may be made 
without departing from this invention and its broader 
aspects, and thus, the appended claims are to encompass 
within their scope all such changes and modifications as are 
within the true spirit and scope of this invention. 

1. Integrated circuitry comprising: 

communication interface circuitry; 

a cellular modem processor which executes instructions 
from an instruction set; and 

at least one memory coupled to the cellular modem 
processor, the at least one memory storing instructions, 
the instructions including instructions that when 
executed by the cellular modem processor perform a 
layer 1 processor operation of a cellular communication 
protocol by the cellular modem processor, instructions 
that when executed by the cellular modem processor 
perform a layer 2 processor operation of the cellular 
communication protocol by the cellular modem pro­
cessor, and instructions that when executed by the 
cellular modem processor perform a layer 3 processor 
operation of the cellular communication protocol by the 
cellular modem processor. 

2. The integrated circuitry of claim 1 further comprising: 

a hardware accelerator, the hardware accelerator imple­
menting a security feature, the security feature includ-
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ing one of generating a digital signature for a section of 
instructions of the cellular modem processor and 
encrypting and decrypting key variables. 

3. The integrated circuitry of claim 1 wherein the cellular 
modem processor is characterized as a digital signal pro­
cessor. 

4. The integrated circuitry of claim 1 wherein the cellular 
modem processor is characterized as a microcontroller unit 
processor. 

5. The integrated circuitry of claim 1 wherein the layer 1 
processor operation is one of a modulation processor opera­
tion, a demodulation processor operation, an interleaving 
processor operation, a deinterleaving processor operation, a 
channel encoding processor operation, a channel decoding 
processor operation, a channel equalization processor opera­
tion, a synchronization processor operation, an automatic 
gain control processor operation, and an automatic fre­
quency control processor operation. 

6. The integrated circuitry of claim 1 wherein the instruc­
tions include instructions for performing by the cellular 
modem processor, a modulation processor operation, a 
demodulation processor operation, an interleaving processor 
operation, a deinterleaving processor operation, a channel 
encoding processor operation, a channel decoding processor 
operation, a channel equalization processor operation, a 
synchronization processor operation, an automatic gain con­
trol processor operation, and an automatic frequency control 
processor operation. 

7. The integrated circuitry of claim 1 wherein the layer 2 
processor operation is one of a medium access control 
processor operation and a logical link control processor 
operation. 

8. The integrated circuitry of claim 1 wherein the layer 3 
processor operation is one of a call control (CC) manage­
ment processor operation, a mobility management (MM) 
processor operation, a subnet convergence protocol 
(SNDCP) processor operation, and a radio resource (RR) 
management processor operation. 

9. The integrated circuitry of claim 1 wherein the instruc­
tions include instructions for performing by the cellular 
modem processor, a call control (CC) management proces­
sor operation, a mobility management (MM) processor 
operation, a subnet convergence protocol (SNDCP) proces­
sor operation, and a radio resource (RR) management pro­
cessor operation. 

10. The integrated circuitry of claim 1 wherein the cellular 
modem processor and at least some of the at least one 
memory are implemented on a single integrated circuit. 

11. The integrated circuitry of claim 1 wherein at least 
some of the at least one memory is implemented on a 
separate integrated circuit from the cellular modem proces­
sor. 

12. The integrated circuitry of claim 1 wherein the cellular 
modem processor and the at least one memory are imple­
mented on a single integrated circuit. 

13. The integrated circuitry of claim 1 wherein the at least 
some of the at least one memory is implemented in hierar­
chical levels of memory to provide a plurality of determin­
istic access times. 

14. The integrated circuitry of claim 13 wherein each 
hierarchical level of memory further comprises non volatile 
memory and/or volatile memory. 



US 2005/0079889 Al 

15. The integrated circuitry of claim 1 wherein the at least 
one memory further comprises hierarchical levels of cache 
memory. 

16. The integrated circuitry of claim 1 further comprising: 

a second processor, the second processor executing appli­
cation instructions and not performing modem proces­
sor operations. 

17. The integrated circuitry of claim 1 further comprising: 

a second processor, wherein the cellular modem processor 
and the second processor are implemented on a single 
integrated circuit. 

18. The integrated circuitry of claim 17 further compris­
ing: 

at least one shared memory accessible by both the cellular 
modem processor and the second processor. 

19. The integrated circuitry of claim 18 wherein the at 
least one shared memory is divided into at least two regions, 
a first region of the at least two regions is accessible only by 
the cellular modem processor, and a second region of the at 
least two regions is accessible by both the cellular modem 
processor and the second processor. 

20. The integrated circuitry of claim 1 further comprising: 

a hardware accelerator operably coupled to the cellular 
modem processor, wherein one or more modem opera­
tions are performed by the hardware accelerator. 

21. The integrated circuitry of claim 1 wherein the at least 
one memory stores instructions for the cellular modem 
processor to perform all layer 1 processor operations and all 
layer 2 processor operations. 

22. The integrated circuitry of claim 21 wherein the at 
least one memory stores instructions for the cellular modem 
processor to perform all level 3 processor operations. 

23. (canceled) 
24. A method of performing cellular modem processor 

operations comprising: 

performing a layer 1 processor operation in accordance 
with a cellular communication protocol by a cellular 
modem processor; 

performing a layer 2 processor operation in accordance 
with the cellular communication protocol by the cel­
lular modem processor; and 

performing a layer 3 processor operation in accordance 
with the cellular communication protocol by the cel­
lular modem processor. 

25. The method of claim 24 further comprising: 

processing multimedia information by the cellular modem 
processor. 

26. The method of claim 25 further comprising: 

accessing by a second processor, the multimedia infor­
mation processed by the cellular modem processor. 

27. The method of claim 24 wherein all layer 1 processor 
operations and all layer 2 processor operations are per­
formed by the cellular modem processor. 

28. The method of claim 24 wherein all layer 3 processor 
operations are performed by the cellular modem processor. 

29. The method of claim 24 wherein the modem processor 
operations are implemented by using instructions of one 
instruction set. 
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30. The method of claim 24 wherein all modem opera­
tions are implemented by the cellular modem processor 
executing instructions of an instruction set. 

31. The method of claim 24 wherein the layer 1 processor 
operation is one of a modulation processor operation, a 
demodulation processor operation, an interleaving processor 
operation, a deinterleaving processor operation, a channel 
encoding processor operation, a channel decoding processor 
operation, a channel equalization processor operation, a 
synchronization processor operation, an automatic gain con­
trol processor operation, and an automatic frequency control 
processor operation. 

32. The method of claim 24 further comprising: 

performing a modulation processor operation by the cel­
lular modem processor; 

performing a demodulation processor operation by the 
cellular modem processor; 

performing an interleaving processor operation by the 
cellular modem processor; 

performing a deinterleaving processor operation by the 
cellular modem processor; 

performing a channel encoding processor operation by the 
cellular modem processor; 

performing a channel decoding processor operation by the 
cellular modem processor; 

performing a channel equalization processor operation by 
the cellular modem processor; 

performing a synchronization processor operation by the 
cellular modem processor; 

performing an automatic gain control processor operation 
by the cellular modem processor; and 

performing an automatic frequency control processor 
operation by the cellular modem processor. 

33. The method of claim 24 wherein the layer 2 processor 
operation is one of a medium access control processor 
operation and a logical link control processor operation. 

34. The method of claim 24 wherein the layer 3 processor 
operation is one of a call control (CC) management proces­
sor operation, a mobility management (MM) processor 
operation, a subnet convergence protocol (SNDCP) proces­
sor operation, and a radio resource (RR) management pro­
cessor operation. 

35. The method of claim 24 further comprising: 

performing a call control (CC) management processor 
operation by the cellular modem processor; 

performing a mobility management (MM) processor 
operation by the cellular modem processor; 

performing a subnet convergence protocol (SNDCP) pro­
cessor operation by the cellular modem processor, and 
performing a radio resource (RR) management proces­
sor operation by the cellular modem processor. 

36. (canceled) 
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37. The method of claim 24 further comprising; 

extracting data from a wireless signal, wherein the 
extracting includes: 

performing a layer 1 processor operation in accordance 
with the cellular communications protocol by the 
cellular modem processor; 

performing a layer 2 processor operation in accordance 
with the cellular communications protocol by the 
cellular modem processor; and 

performing a layer 3 processor operation in accordance 
with the cellular communications protocol by the 
cellular modem processor; 

storing the data in a shared memory; 

accessing the data stored in the shared memory by a 
second processor. 

38. The method of claim 24 further comprising; 

storing data in a shared memory by a second processor; 

accessing the data stored in the shared memory by the 
cellular modem processor; 

inserting the data into a wireless signal, wherein the 
inserting includes: 

performing a layer 1 processor operation in accordance 
with the cellular communications protocol by the 
cellular modem processor; 

performing a layer 2 processor operation in accordance 
with the cellular communications protocol by the 
cellular modem processor; and 

performing a layer 3 processor operation in accordance 
with the cellular communications protocol by the 
cellular modem processor. 

39. The method of claim 24 wherein the layer 1 processor 
operation, the layer 2 processor operation, and the layer 3 
processor operation are performed by the cellular modem 
processor executing instructions from one instruction set. 

40. (canceled) 
41. ( canceled) 
42. (canceled) 
43. (canceled) 
44. ( canceled) 
45. (canceled) 
46. (canceled) 
47. An integrated circuit for a cellular mobile station, the 

cellular mobile station communicating data as per a cellular 
communication protocol, the integrated circuit comprising: 

a memory, the memory holding instructions when the 
integrated circuit is operational; 

a cellular modem processor, the cellular modem processor 
to execute instructions including instructions in the 
memory, the cellular modem processor to execute 
instructions to perform a layer 1 processor operation of 
a cellular communication protocol, instructions to per­
form a layer 2 processor operation of the cellular 
communication protocol, and instructions to perform a 
layer 3 processor operation of the cellular communi­
cation protocol when the integrated circuit is opera­
tional. 
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48. The cellular mobile station of claim 47 wherein the 
cellular modem processor is characterized as a digital signal 
processor. 

49. The integrated circuit of claim 47 wherein the cellular 
modem processor is characterized as a microcontroller unit 
processor. 

50. The integrated circuit of claim 47 wherein the layer 1 
processor operation is one of a modulation processor opera­
tion, a demodulation processor operation, an interleaving 
processor operation, a deinterleaving processor operation, a 
channel encoding processor operation, a channel decoding 
processor operation, a channel equalization processor opera­
tion, a synchronization processor operation, an automatic 
gain control processor operation, and an automatic fre­
quency control processor operation. 

51. The integrated circuit of claim 47 wherein the instruc­
tions to be executed by the cellular modem processor when 
the integrated circuit is operational include instructions for 
performing by the cellular modem processor, a modulation 
processor operation, a demodulation processor operation, an 
interleaving processor operation, a deinterleaving processor 
operation, a channel encoding processor operation, a chan­
nel decoding processor operation, a channel equalization 
processor operation, a synchronization processor operation, 
an automatic gain control processor operation, and an auto­
matic frequency control processor operation. 

52. The integrated circuit of claim 47 wherein the layer 2 
processor operation is one of a medium access control 
processor operation and a logical link control processor 
operation. 

53. The integrated circuit of claim 47 wherein the layer 3 
processor operation is one of a call control (CC) manage­
ment processor operation, a mobility management (MM) 
processor operation, a subnet convergence protocol 
(SNDCP) processor operation, and a radio resource (RR) 
management processor operation. 

54. The integrated circuit of claim 47 wherein the instruc­
tions to be executed by the cellular modem processor when 
the integrated circuit is operational include instructions for 
performing by the cellular modem processor, a call control 
(CC) management processor operation, a mobility manage­
ment (MM) processor operation, a subnet convergence pro­
tocol (SNDCP) processor operation, and a radio resource 
(RR) management processor operation. 

55. The integrated circuit of claim 47 wherein the memory 
includes cache memory. 

56. The integrated circuit of claim 47 wherein the memory 
includes a non volatile memory. 

57. The integrated circuit of claim 47 wherein the cellular 
modem processor performs all layer 1 processor operations 
and all layer 2 processor operations when the integrated 
circuit is operational. 

58. The integrated circuit of claim 57 wherein the cellular 
modem processor performs all level 3 processor operations 
when the integrated circuit is operational. 

59. An integrated circuit for a cellular mobile station, the 
cellular mobile station communicating data as per a cellular 
communication protocol, the integrated circuit comprising: 

a cellular modem processor, the cellular modem processor 
to execute instructions to perform a layer 1 processor 
operation of a cellular communication protocol, 
instructions to perform a layer 2 processor operation of 
the cellular communication protocol, and instructions 
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to perform a layer 3 processor operation of the cellular 
communication protocol when the integrated circuit is 
operational; and 

a second processor. 
60. The integrated circuit of claim 59 wherein the layer 1 

processor operation is one of a modulation processor opera­
tion, a demodulation processor operation, an interleaving 
processor operation, a deinterleaving processor operation, a 
channel encoding processor operation, a channel decoding 
processor operation, a channel equalization processor opera­
tion, a synchronization processor operation, an automatic 
gain control processor operation, and an automatic fre­
quency control processor operation. 

61. The integrated circuit of claim 59 wherein the instruc­
tions to be executed by the cellular modem processor when 
the integrated circuit is operational include instructions for 
performing by the cellular modem processor, a modulation 
processor operation, a demodulation processor operation, an 
interleaving processor operation, a deinterleaving processor 
operation, a channel encoding processor operation, a chan­
nel decoding processor operation, a channel equalization 
processor operation, a synchronization processor operation, 
an automatic gain control processor operation, and an auto­
matic frequency control processor operation. 

62. The integrated circuit of claim 59 wherein the layer 2 
processor operation is one of a medium access control 
processor operation and a logical link control processor 
operation. 

63. The integrated circuit of claim 59 wherein the layer 3 
processor operation is one of a call control (CC) manage­
ment processor operation, a mobility management (MM) 
processor operation, a subnet convergence protocol 

8 
Apr. 14, 2005 

(SNDCP) processor operation, and a radio resource (RR) 
management processor operation. 

64. The integrated circuit of claim 59 wherein the instruc­
tions to be executed by the cellular modem processor when 
the integrated circuit is operational include instructions for 
performing by the cellular modem processor, a call control 
(CC) management processor operation, a mobility manage­
ment (MM) processor operation, a subnet convergence pro­
tocol (SNDCP) processor operation, and a radio resource 
(RR) management processor operation. 

65. The integrated circuit of claim 59 wherein the second 
processor executes application instructions and does not 
perform modem processor operations. 

66. The integrated circuit of claim 59 further comprising: 

at least one shared memory accessible by both the cellular 
modem processor and the second processor. 

67. The integrated circuit of claim 59 wherein the at least 
one shared memory is divided into at least two regions, a 
first region of the at least two regions is accessible only by 
the cellular modem processor, and a second region of the at 
least two regions is accessible by both the cellular modem 
processor and the second processor. 

68. The integrated circuit of claim 59 wherein the cellular 
modem processor performs all layer 1 processor operations 
and all layer 2 processor operations when the integrated 
circuit is operational. 

69. The integrated circuit of claim 68 wherein the cellular 
modem processor performs all level 3 processor operations 
when the integrated circuit is operational. 

* * * * * 


